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Abstract: As the Indian industry becomes globally competitive in several 
sectors, one of the critical factors is the success of the engineering and technical 
education. The objective of this paper is to present a research study initiated for 
developing an integrated framework for quality excellence in engineering 
education. About 20 quality excellence models and international quality awards 
were studied in depth and it was found that almost all models lack predictive 
ability. In order to incorporate predictive ability of the quality excellence 
models, system dynamics methodology was used in the study. The system 
dynamics model thus developed for predicting quality excellence was used to 
generate various scenarios and analysed. Interesting results were obtained, 
which are presented in this paper. 
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1 Introduction 
As rightly pointed out by Seth (2004) and Agarwal (2006), Indian industry is becoming 
globally competitive in several sectors. One such sector is ITES. One of the critical 
factors is the availability of a large number of technically qualified persons coming out of 
the engineering and technical education system in India. About 50 years ago, there were 
only few engineering colleges in each state of India and the total number of engineering 
colleges in the entire country were only about a hundred. But now, there are more than 
500 engineering colleges in some of the states alone, such as Tamil Nadu, Maharashtra 
and Andhra Pradesh. There has been a rapid growth in higher education sector in general, 
and engineering education in particular. It is also a fact that such manifold increase in 
these institutions has helped the Indian Industry in many ways. India’s success in the IT 
industry is also greatly attributed to the increase in the number of engineering and 
technological institutes in the country. However in the recent times there are complaints 
that a significant percentage of these institutes do not have adequate capability to produce 
quality engineers. A number of studies reported in the literature present different views 
on the state of the engineering education in the country and from what is seen from these 
studies, it is apparent that the situation is getting worse and there is an urgent need to take 
remedial action in order to ensure that these educational institutions are shown the path to 
achieve the desired quality. The study reported in this paper is an attempt made in this 
direction. This study is primarily focussed on achieving quality excellence in engineering 
education (QE3). 
Many of the Indian companies have been fairly successful in managing quality. One 
such sector is Indian Automobile Industry. Many organisations follow the good practices 
mandated by quality excellence models (EMs). For example, companies under TVS 
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group, Rane Group and Mahindra and Mahindra have won Deming Prize, the most 
coveted prize for excellence in quality. Natarajan (2000) emphasised that the engineering 
education sector has been slow to act compared to corporate sector that recognised the 
importance of quality in their products and services for achieving and sustaining 
competitiveness. In order to get a comprehensive view of how excellence in quality is 
achieved in business enterprises, more than 20 quality EMs and international quality 
awards (IQAs) were studied. There is also several quality EMs primarily used in the 
educational sector. The review enabled appreciation of the various components that 
constitute these models and also to identify the critical components of quality excellence. 
Based on the insights gained about quality in engineering and technical education, a 
framework called as “Quality excellence in engineering education (QE3)” was developed. 
This framework was used in several ways. The salient details of the framework and how 
was it used are explained in this paper. 
This paper is organised in seven sections. Section 1 deals with the introduction 
followed by a brief literature review presented in Section 2. The development of a 
framework assessing QE3 has been presented in Section 3. The Section 4 deals with 
development of system dynamics (SD) model for the QE3 framework and this section has 
three sub sections. Section 3 has three sub sections and it deals with simulation study. 
Section 6 discusses experiments and results including correlation analysis. Finally 
conclusions are presented in Section 7. 
2 Literature review 
The contemporary quality management (QM) theory has its root to the ideas of Deming 
(1982) and Juran (1988). Many of the formal assessment processes associated with 
quality excellence awards in vogue were evolved with motivation from Deming prize, 
Malcolm Baldrige National Quality Award (MBNQA), European Foundation for Quality 
Management (EFQM) and Saraph et al. (1989). There are numerous total quality 
frameworks (both conceptual and empirical) in the context of educational institutions 
with the aim of improving their quality standards. The role of management/leadership 
gained significance through such studies. 
Literature revealed that, total quality management (TQM), if properly implemented, 
can enable organisations to dynamically cope up with their ever changing environments 
in a sustainable manner. TQM in higher education implies improving the quality of 
courses, input instructional process, resource management processes and structures, 
student support service output and linkages with the world of work and other 
organisations (Tulsi, 2001). The models proposed by Lagrosen et al. (2004) and 
Venkatraman (2007) are related to education and emphasise on customer satisfaction and 
continuous improvement. In this study, TQM in higher education has been construed as 
an approach that enabled focused attention on the core activities (e.g., teaching and 
learning methodology, curriculum revision and resource development) of the university, 
while improving the overall quality of its processes (e.g., continuous improvement, 
student academic growth and enhancement of institution’s reputation) in order to achieve 
sustainable institutional outcomes and stakeholders’ satisfaction. 
Kanji (1998) proposed a business excellence model (BEM) for higher education, 
which enunciated four principles – delight the customer, management by fact, people-
based management and continuous improvement. Hansen (1963) cites quality of design 
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(QD), quality of conformance (QC) and quality of performance (QP) as the three broad 
areas of quality assurance in the operation of manufacturing business (Halpern, 1978). 
Mergen et al. (2000) proposed a model of QM that has these three components relevant to 
higher education. It provided a framework to identify opportunities for improvement in 
research, teaching and operations. Grant et al. (2002) also dealt with measuring the three 
quality dimensions (QD, QC and QP) in higher education. The study indicated the 
paucity of research in examining the QP issues. Sahney et al. (2004) asserted that TQM is 
all permeating, covering the various aspects (e.g., quality of inputs in the form of 
students, faculty, staff and infrastructure) of academic life. Viswanadhan and Rao (2005) 
analysed the impact of privatisation of engineering education through the performance of 
undergraduate engineering programmes in India. The factors listed in the study were 
commitment of top management and leadership, customer focus, course delivery, 
communication, campus facilities, congenial learning environment and continuous 
assessment and improvement. Sakthivel et al. (2005) conceptualised five TQM variables 
and developed a 5-C TQM model of academic excellence in technical institutions of 
India, wherein the five variables are commitment of top management, course delivery, 
campus facilities, courtesy and customer feedback and improvement. Telford and Masson 
(2005) suggested a framework of quality values in higher education which included, 
course design, course marketing, student recruitment, induction, course delivery, course 
content, assessment monitoring, miscellaneous and tangibles. Mustafa and Chiang (2006) 
identified four key factors that reflect quality in business education, namely, teacher 
abilities, teacher attitude, course materials and course load. The education sector has 
many studies which enthusiastically conveyed the contribution of TQM philosophies to 
the improvement of higher education, in various core areas such as curriculum reform, 
pedagogy, quality of education, etc. Some of the notables are Koch and Fisher (1998), 
Bath et al. (2004), Peat et al. (2005), Srdoc et al. (2005) and Alashloo et al. (2005). 
To pursue continual excellence in the organisations, many countries have established 
national quality awards (NQAs)/BEMs in the late 1980s and 1990s. The organisations 
and companies using BEMs across the world have reported that the implementation of 
NQAs/BEMs has not only improved quality but also led to improvements in market 
share, customer satisfaction, profit, processes, supplier performance, employee morale, 
competitiveness etc. A report of the UNECE (2004) observed that at least 75 countries 
have developed or adopted quality and business excellence awards. The major 
BEMs/NQAs being the MBNQA of the USA, the EFQM and Deming Prize of Japan. 
They have established as benchmark references for achieving organisational excellence 
and are the basis of most NQAs/BEMs (Bohoris, 1995; McDonald et al., 2002; Hughes 
and Halsall, 2002; Zairi and Youssef, 1995; Miguel, 2001; Puay et al., 1998). Searle 
(2005) reported that the NQA of 53 countries are based on MBNQA. To evolve an IQA, 
Kozo and Yoshizawa (2005) reported that EFQM is being used in 26 countries. In a 
comparative study of NQAs of 53 countries, Tan et al. (2003) reported that most NQA 
models are based on the MBNQA and EFQM. In a literature review of 347 TQM  
survey-based research articles published between 1989 and 2000, Ismail and 
Ebrahimpour (2002) argue that, because of a lack of a universally accepted TQM model, 
many companies are putting their faith in quality award models and using them as 
guidelines. More research is therefore needed to increase the credibility of these models 
as effective approaches in achieving performance excellence. In addition to NQAs, some 
of the eminent academicians and consultants have also developed their own BEMs. For 
example, Kanji’s business excellence model (KBEM) is one such widely used model in 
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UK, USA, Malaysia and Hong Kong in educational institutions and service organisations 
(Kanji, 2001). Out of the ten major NQAs, three are European, two North American, four 
Asia Pacific and one South American, which are listed here below. 
1 MBNQA, 1987 (National Institute of Standards and Technology, 2010) 
2 European Quality Award, 1997 (European Foundation for Quality Management, 
1996) 
3 Brazil National Quality Award, 1996 (National Quality Award Foundation, 1996) 
4 Swedish Quality Award, 1996 (Swedish Institute for Quality, 1996). 
5 New Zealand National Quality Award, 1996 (New Zealand National Quality Awards 
Foundation, 1996) 
6 UK Quality Award, 1996 (British Quality Foundation, 1996) 
7 Rajiv Gandhi National Quality Award, 1994 (Bureau of Indian Standards, 1994) 
8 Singapore Quality Award, 1996 (Singapore Productivity and Standards Board, 1996) 
9 Canadian Awards for Excellence, 1997 (National Quality Institute, 1997) 
10 Golden Peacock National Quality Award, 1991 (Institute of Directors, India, 1991). 
The MBNQA was established in 1987, to promote an understanding of quality 
excellence, greater awareness of quality as a crucial competitive element and the sharing 
of quality information and strategies. In 1994, NIST announced the launch of its 
Education Pilot Programme, to determine the interest and readiness of education 
organisations to participate in a nationwide recognition programme and to evaluate the 
Education Pilot Criteria. In India, the CII excellence framework in education is based on 
nine criteria, five are grouped under ‘enablers’ which include leadership, policy and 
strategy, staff, resource management and partnership and processes; and four are 
considered as ‘results’ which includes student results, staff results, society results and key 
performance results). These quality models emphasise on the leadership parameter to 
drive performance-based results. 
Sterman et al. (1997) have analysed the effect of quality programme using SD. The 
authors have considered commitment of employees and management to TQM. The top 
management commitment, expressed by them in terms of target commitment, is 
dependent on the financial stress. Evans (1997) proposed a causal model that describes 
the key linkages in the MBNQA criteria for performance excellence framework. The 
basic foundation for this model was the interdependency among the management 
practices, business results and outputs. Andersen (1989) investigated the implementation 
of policies derived from a dynamic simulation model within the division of special 
education, Massachusetts Department of Education, and also used three theoretical 
perspectives to examine the implementation process – rational, organisational and 
cognitive. The results suggested that theories of implementation might be useful to 
implementing practitioners. Galbraith (1998) contributed in analysing the decision 
making through SD concepts. The author has dealt at length on the Australian education 
system where the competition among universities has increased due to the government 
linking of funding to express priorities. Cicmil (1997) studied the organisational 
behaviour and change in a government organisation where a quality initiative was 
   
 
   
   
 
   
   
 
   
    Achieving quality excellence in Indian engineering education 95    
 
    
 
 
   
   
 
   
   
 
   
       
 
implemented. The findings show that the initial stage of quality initiative implementation 
in the traditional, highly hierarchical and bureaucratic organisational setting of the central 
government services resulted in the process of organisation-wide learning and self-
examination among the management and staff in various areas of office operations. 
Thiagarajan and Zairi (1997) in their study discussed quality factors related to 
leadership, internal stakeholders’ management, policy and strategy. Vouzas and 
Psychogios (2007) identified nine key soft aspects of TQM for service industry. Three 
factors were extracted from their study namely, continuous improvement and training, 
total employee empowerment and involvement and finally quality driven culture. 
Table 1 List of quality EMs/NQAs 
Sr. no. Excellence model/national quality award Country 
1 Malcolm Baldrige National Quality Award (MBNQA) USA 
2 European Excellence Award (EFQM Model) UK 
3 Australian Business Excellence Award (ABEA) Australia 
4 Canada Award for Excellence (CAE) Canada 
5 Japan Quality Award (JQA) Japan 
6 Singapore Quality Award (SQA) Singapore 
7 Golden Peacock National Quality Award (GPNQA) India 
8 Rajiv Gandhi National Quality Award (RGNQA) India 
9 National Quality Award (NQA), Brazil Brazil 
10 National Quality Award (NQA), UK UK 
11 National Industrial Quality Award (NIQA) Israel 
12 National Quality Award (NQA), Belarus Belarus 
13 Prime Minister’s Quality Award (PMQA) Malaysia 
14 Fiji Quality Award (NQA) Fiji 
15 National Productivity Award (NPA) Mongolia 
16 National Quality Award (NQA) France 
17 Swedish Model for Performance Excellence (SIQMPE) Sweden 
18 Thailand Quality Award (TQA) Thailand 
19 National Quality Award (NQA), Hungary Hungary 
20 Uttar Pradesh Technical University Academic Excellence Award  
(UPTU-AEA) 
India 
Most of the industrial EMs focus on six criteria: management leadership, human resource 
management (HRM), business process management, customer and market focus, 
information utilisation and quality tools and business results (Dahlgaard and Dahlgaard, 
2005). In the past few decades, there has been even growing concern about quality in 
higher education. Most studies have focused on customer satisfaction and overall 
satisfaction with the education system. Doherty (2008) focused on ‘quality’, ‘TQM’ and 
‘autonomy’ in the education sector. Kanji (1998) studied and proposed an EM for higher 
education, which focused on four principles viz delight the customer, management by 
fact, people-based management and continuous improvement. Telford and Masson 
(2005) investigated the relationship between the congruence of the quality values and the 
level of student satisfaction. 
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Viswanadhan and Rao (2005) studied nine parameters, which were affected by 
privatisation of higher education in India, which includes commitment of top 
management and leadership, customer focus, course delivery, communication, campus 
facilities, congenial learning environment and continuous assessment and improvement in 
the context of India. Sakthivel et al. (2005) studied five parameters viz commitment of 
top management, course delivery, campus facilities, courtesy and customer feedback and 
improvement. They then developed a TQM model of academic excellence for technical 
institutions of India. Dotchin and Oakland (1994) and Asubonteng et al. (1996) opined 
that most of the studies are customer focused. However, Babakus and Boller (1992) 
stressed that it is also necessary to identify the requirements of the customers. Hence, 
defining quality in higher education means including the quality of inputs, the quality of 
processes and the quality of outputs as advocated by the works of various researchers, 
which include Sallis (1993), Green (1994), Cheng and Tam (1997) and Kanji et al., 
(1999). Some of the quality EMs used worldwide is listed in Table 1. 
3 Development of a framework for assessing QE3 
Most of the quality EMs discussed in published literature was critically examined to 
identify various components of enablers and results used therein. It was realised that there 
was a need to develop a new framework for achieving quality excellence in Indian 
Engineering Education (QE3). Based on the learning from literature on quality and 
various other aspects, it was considered prudent to include in this framework appropriate 
enablers and results. The envisaged framework is inbuilt with seven elements for 
Enablers and nine elements for Results as shown in Table 2. 
Although the Deming Prize, MBNQA and EFQM models are considered to be the 
basis for most EM/NQAs, it has been observed that several EM/NQA models are unique 
despite having many features of these models. Perhaps it is worthwhile looking at the 
models discussed by Bohoris (1995), Miguel (2001), McDonald et al. (2002), Hughes and 
Halsall (2002), Tan et al. (2003) and Talwar (2011). In addition, most custodians provide 
limited information regarding their respective EM/NQAs in the public domain. Keeping 
the above limitations in view, 20 important and unique EM/NQA were identified using 
the comparative study of Talwar (2011). This comparison enabled us to identify most 
appropriate attributes/indicators for our research framework. 
As mentioned earlier, MBNQA and EFQM models played a pivotal role in 
developing EMs and NQAs in various countries. The attributes used in different EMs and 
NQAs are mapped and shown in Table 2 and it is very clear that all attributes/indicators 
have been employed by majority, however customer focus (CFS) and partnership and 
resources (PRS) are being used by 50% of them. It was therefore considered logical to 
choose all these attributes in developing a research framework for QE3. 
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Table 2 Mapping of attributes/indicators with quality EMs/NQAs 
Attributes 
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EM/NQA 
 
MBNQA √ √ √ √ √ √ - √ 7 
EFQM √ √ - - √ √ √ √ 6 
ABEA √ √ √ √ √ √ - √ 7 
CAE √ √ √ - √ √ √ √ 7 
JQA √ √ √ √ √ √ - √ 7 
SQA √ √ √ √ √ √ - √ 7 
*GPNQA √ √ - √ √ √ - √ 6 
*RGNQA √ √ - - √ √ √ √ 6 
NQA, Brazil √ √ √ √ √ √ - √ 7 
NQA, UK √ √ - - √ √ √ √ 6 
NIQA √ √ √ - √ √ - √ 6 
NQA, Belarus √ - - - √ √ √ √ 5 
PMQA √ - √ √ √ √ √ √ 7 
NQA, Fizi √ √ √ √ √ √ - √ 7 
NPA √ √ - √ √ √ - √ 6 
NQA, France √ √ - - √ √ √ √ 6 
SIQMPE √ √ - √ √ √ - √ 6 
TQA √ √ √ √ √ √ - √ 7 
NQA, Hungary √ √ - - √ √ √ √ 6 
**UPTU-AEA √ √ - - √ √ √ √ 6 
TOTAL 20 18 10 11 20 20 10 20  
Notes: *For Indian Industries; **For Indian Technical University (UP) 
The QE3 framework developed was converted into a SD model with proactive assessment 
ability. The details of how the model was developed and applied are presented in the 
following sections. 
4 Development of SD model for the QE3 framework 
The SD model was developed using the standard steps suggested by Forrester (1969, 
1971, 1976, 1985a, 1985b), Wolstenholme and Coyle (1983) and Sterman et al. (1997). 
The details how these steps were followed are presented here below. 
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4.1 Problem identification and definition 
This phase consists of the following two sub-steps: 
1 situation analysis 
2 statement of the problem situation. 
The details of how these steps were carried out are described here. 
4.1.1 Situation analysis 
In order to find the relative importance of the elements identified under enablers and 
results, an interactive exercise involving a group of educationalists was carried out using 
analytical hierarchy process (AHP). At the outset, it was noticed that the component 
Results was identified with maximum relative weight showing that it is significantly very 
important. Among the Enablers, the elements leadership (LDR), workforce focus (WFS), 
strategic planning (STP) and customer focus (CFS) were found to be assuming relatively 
higher importance. Subsequently the elements of the Enablers and the results were 
analysed using interpretive structural modelling (ISM) method in order to identify the 
structural relationships among the elements in terms of their driving power. The results 
helped to identify the importance of LDR with highest driving power followed by STP, 
measurement, analysis and knowledge management (MAKM) and other elements. This 
established that the enabler LDR is a powerful driver, Hence, while developing the SD 
model it was proposed to use LDR as the major driver for assessing the dynamics in a 
system for achieving quality excellence. 
Table 3 List of enablers and result variables used in SD modelling 
Sr. no. Variable label Variable name/description Dependent on 
1 CFS Customer focus STP, WFS, PRM 
2 LDR Leadership -- 
3 MAKM Measurement, analysis and knowledge 
management 
LDR, STP 
4 STP Strategic planning LDR 
5 PRS Partnership and resources LDR, WFS, MAKM 
6 WFS Workforce focus LDR, STP, PRS, MAKM 
7 PRM Process management WFS, CFS, MAKM 
8 CFO Customer focused outcomes CFS, SLO 
9 LDO Leadership outcomes LDR, STP, PRM, PRS, 
PEO, ME 
10 PEO Process effectiveness outcomes PRM, PRS, ME 
11 WFO Workforce outcomes PEO, FAT, LDO 
12 SLO Students’ learning outcomes IQ, CFS, WFO, MAKM, 
13 BFMO Budgetary, financial and market outcomes STP, MAKM, WTP, 
WTD 
14 SSL Students’ satisfaction level CFS, SLO, MAKM 
15 IQ Incoming quality of students SSL, WFO, PLG, PRS 
16 PLG Placement of graduates LDR, BFMO, SSL, CFO 
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4.1.2 Statement of the problem situation 
In order to develop the SD model for the QE3 framework, an attempt was made to 
identify how each element of the enablers and results would be influenced by other 
elements. This exercise was carried out with the help of ISM methodology. The 
inferences obtained by extracting the appropriate information from the various stages of 
ISM are presented in Table 3. 
While articulating the statement of the problem targeted at developing the SD model, 
it was found necessary to use several auxiliary variables. The major auxiliary variables 
used and their association with the elements of the enablers and the results are sown in 
Table 4. 
Table 4 List of major auxiliary variables used in SD modelling 
Sr. no. Variable label Variable name/description Dependent on 
1 ME Motivational environment LDR, FAT 
2 FAT Financial assistance for training LDR, BFMO 
3 WTP Willingness to pay SSL 
4 WTD Willingness to donate CFO 
Notes: All other variables such as multipliers; ratios etc. are shown in the SD model. 
In the SD model developed, the three variables used as policy variables are listed in  
Table 5. The ISM provided LDR as the prime driving variable and hence it was decided 
to operate it as a policy variable to conduct SD simulation experiments. 
Table 5 List of policy variables (levers) used in SD modelling 
Sr. no. Variable label Variable name/description 
1 LDR Leadership 
2 STP Strategic planning 
3 MAKM Measurement, analysis and knowledge management 
4.2 System conceptualisation 
This phase involves the development of causal loop diagram (CLD) linking each of the 
variables listed in Table 3, Table 4 and Table 5. For this it is required to take each 
variable in Table 3 as a node and configure the dynamics that may take place in the 
system. Therefore, using the information provided in Table 3, Table 4 and Table 5, 
individual nodal CLDs for each of the elements used in model were developed. In order 
to demonstrate the process involved in developing the CLD, the node leadership (LDR) 
was taken as an example. The details of how the dynamics of this node was configured 
are explained hereunder. 
4.2.1 Leadership node 
The level of commitment of LDR will directly have its effect on LDO which is further 
influenced by process management (PRM), PRS, motivational environment (ME), 
process effectiveness outcome (PEO) and strategic planning (STP). The LDR plays a 
vital role in creating ME within the institutions and hence ME is modelled as the product 
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of LDR and financial assistance for training (FAT) of workforce. LDR is also important 
as far as strategic planning (STP) is concerned and hence STP is modelled as the product 
of LDR and MAKM. In order to measure and depict the dynamics quantitatively, 
commitment level of LDR was taken in terms of an index which varies over a period of 
time represented by a graph function. The values through graph functions are also 
supplied from the LDR towards placement of graduates (PLG) and FAT. It also 
influences the rate variable RPRS of PRS. This variable guides the senior leadership to 
assess performance gaps and intervene to fill such gaps and steer the institutions to 
greater heights of growth and progress. The nodal CLD of LDR is shown in Figure 1. 
Figure 1 Leadership variable and its connections in SD modelling (see online version  
for colours) 
 
Leadership LDR
Motiv ational Env ironment ME
Strategic Planning STP
Placement of  Graduates PLG
Financial Assistance 
f or Training FAT
Partnership & Resources PRS
 
Similarly the nodal CLDs for the other 15 elements listed in Table 3 were developed. 
Subsequently, the individual nodal CLDs thus developed were integrated as shown in 
Figure 1. In order to have a better appreciation of the CLD of the QE3 framework 
developed, the following observations deserve attention. 
The incoming quality (IQ) of the students joining an engineering institution depends 
on the quality of the service provided in terms of workforce focus, student satisfaction 
level (SSL), placement status and resources. The prior quality of the student enables the 
student to receive well the quality of service and become a knowledgeable student or 
student of high quality. The Quality of service also depends on the availability of funds, 
which further depends on the revenue to the institute, and funds provided by the donors. 
The revenue to the institute is mainly through the fees paid by the students. The 
government through some state level committees generally decides the fees structure. 
However, it may also depend on the willingness to pay by the parents, which is directly 
proportional to the satisfaction the students derive while studying in the institution. 
As the SSL is dependent on the quality of service provided, it is here that the quality 
excellence paradigm is very useful to the institutes. The SD model of the QE3 system is 
intended to provide an opportunity to continuous monitoring and improvement. In its 
present form it is capable of developing workforce participation and also the total 
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commitment of the management, faculty and staff. Quality service or quality education in 
institutes leads to quality output, i.e., high quality graduates. In turn, the employers of 
these graduates will also have higher satisfaction, enhancing the placement avenues for 
graduates, which may further lead to enhanced credibility of the institute as well as 
increased quality of students taking admission. The satisfied employers, i.e., 
organisations, will also come forward to help in further development of the institute by 
providing funds for research, Infrastructure etc. As is observed, the entire system 
becomes a positive feedback loop, which is having a growth pattern, and QE3 becomes 
the driver for growth. All these dynamics are depicted in the aggregated CLD shown in 
Figure 2. 
Figure 2 Aggregated CLD for QE3 model (see online version for colours) 
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4.3 Model formulation 
There are two steps involved in this phase. 
1 developing stock flow diagram (SFD) 
2 developing governing equations. 
The details of how these two steps were carried out are presented here below. 
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4.3.1 Developing SFD 
In order to develop SFD, Seven stock/level variables and seven rate/flow variables were 
identified; which are listed in Table 6, along with the respective nomenclatures used. The 
rate variables are essentially the input variables. 
Table 6 List of level and rate variables used in SD modelling 
Sl. no. Stock or level variables Sl. no. Rate or flow variables 
1 CFS Customer focus 8 RCFS Rate of customer focus 
2 PRM Process management 9 RPRM Rate of process 
management 
3 PRS Partnership and resources 10 RPRS Rate of partnership and 
resources 
4 WFS Workforce focus 11 RWFS Rate of workforce focus 
5 BFMO Business, financial and 
market outcomes 
12 RBFMO Rate of business, financial 
and market outcomes 
6 CFO Customer focused outcomes 13 RCFO Rate of customer focused 
outcomes 
7 SSL Student satisfaction level 14 RSSL Rate of student satisfaction 
level 
In SD-based analysis, information may be available on every unit of the model. If a 
variable that is known for every unit is not a variable of interest but is instead employed 
to improve or modulate the model or to enhance estimation of the variables of interest, it 
is then called an auxiliary variable. In SD model, any other variable used other than a 
stock or flow variable is called either a constant or auxiliary variable. While developing 
SFD, a significant number of auxiliary variables, constants and ratios were required to be 
used. The auxiliary variables used are listed in Table 7. 
Table 7 List of auxiliary variables used in SD modelling 
Sl. no. Variable label Auxiliary variable name/description 
1 LDR Leadership 
2 STP Strategic planning 
3 MAKM Measurement, analysis and knowledge management 
4 SLO Student learning outcome 
5 IQ Incoming quality 
6 WFO Workforce outcome 
7 PEO Process effectiveness outcome 
8 LDO Leadership outcome 
9 PLG Placement of graduates 
10 ME Motivational environment 
11 FAT Financial assistance for training 
It is also required to use several constants and ratios in SD models. In the present study, 
11 such parameters were used that are listed in Table 8. 
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Table 8 List of constants and ratios used in SD modelling 
Sl. no. Label Name of constant or ratio 
1 SLOR Student learning outcome ratio 
2 WFOR Workforce outcome ratio 
3 PRSR Partnership and resources ratio 
4 CFSR Customer focus ratio 
5 WFOI Initial constant for workforce outcome 
6 PRSI Initial constant for partnership and resources 
7 NDPRS Constant for depreciation of partnership and resources 
8 CFSI Initial constant for customer focus 
9 IMAKM Initial constant for measurement, analysis and knowledge management 
10 NPLG Constant for placement of graduates 
11 ISTP Initial constant for strategic planning 
Table functions are important components in SD models. These are essential and should 
not be omitted for the sake of simplification. Here we have used 35 table functions to 
model the system parameters. The table functions used is shown in Table 9. 
The behaviour of each of the table functions is obtained by discussion with the key 
persons involved in the field of engineering education. They were asked to explain the 
behaviour based on their experience, how much would be the impact of one variable over 
another. The purpose of this consultation with the experts was to quantify the intangible 
factors and modulate the values within their maximum limits, as this would aid in 
comparison of different policy variables. Therefore, the table functions used in the 
present study has been derived using certain subjective considerations. As Legasto (1978) 
emphasised that the ad hoc nature of table functions is not a source of weakness of SD 
models, but rather a source of strength. The purpose of this SD modelling is to 
understand the relative strength and weaknesses of each variable and also to devise 
alternative policies to maximise the quality index of excellence in engineering education, 
which may provide a direction to the institution to move towards world class 
performance. The institutions will also understand the future scenarios of quality 
excellence, set their expected benchmarks and modulate the required policy levers 
accordingly. The model in its present form enables changing any table function as found 
appropriate any time. 
As observed earlier, in the present study leadership (LDR) has been taken as the 
driving force while developing the SD model. The CLD for the QE3 model has been 
converted into a SFD using a software named Stella (ver 9.0). All the level variables, rate 
variables, auxiliary variables, multipliers were logically interconnected. This model 
recognises the fact that the enablers are to be good for better results. As this research has 
identified three enablers as critical drivers of quality excellence viz. leadership (LDR), 
strategic planning (STP) and MAKM, the base SFD is one which is driven by the LDR. 
The base SFD thus developed is shown in Figure 3. 
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Table 9 List of table functions used in SD modelling 
Sl. no Variable label Variable name/description 
Dependent 
on 
1 BFMAKM Business, financial and market outcomes multiplier from 
measurement, analysis and knowledge management 
MAKM 
2 BFMSTP Business, financial and market outcomes multiplier from 
strategic planning 
STP 
3 FATMLD Financial assistance for training multiplier from leadership LDR 
4 IQMPLG Incoming quality multiplier from placement of graduates PLG 
5 IQMPRS Incoming quality multiplier from partnership and resources PRS 
6 IQMSSL Incoming quality multiplier from student satisfaction level SSL 
7 IQMWF Incoming quality multiplier from workforce outcomes WFO 
8 LDMME Leadership outcome multiplier from motivational 
environment 
ME 
9 LDMPE Leadership outcome multiplier from process effectiveness 
outcome 
PEO 
10 LDMPRS Leadership outcome multiplier from partnership and 
resources 
PRS 
11 LDMSTP Leadership outcome multiplier from strategic planning STP 
12 PEMPRM Process effectiveness outcome multiplier from process 
management 
PRM 
13 PEMPRS Process effectiveness outcome multiplier from partnership 
and resources 
PRS 
14 PEOMME Process effectiveness outcome multiplier from motivational 
environment 
ME 
15 PLGMBFM Placement of graduates multiplier from business, financial 
and market outcome 
BFMO 
16 PLGMCFO Placement of graduates multiplier from customer focused 
outcome 
CFO 
17 PLGMD Placement of graduates multiplier from delay management DM 
18 PLGMLDR Placement of graduates multiplier from leadership LDR 
19 PLGMSSL Placement of graduates multiplier from student satisfaction 
level 
SSL 
20 RCFMIQ Rate of customer focus multiplier from incoming quality IQ 
21 RCFMPRS Rate of customer focus multiplier from partnership and 
resources 
PRS 
22 RCFMSLO Rate of customer focus outcome multiplier from students 
learning outcome 
SLO 
23 RCFMWF Rate of customer focus multiplier from workforce focus WFOR 
24 RPRMBFM Rate of process management multiplier from business, 
financial and market outcome 
BFMO 
25 RPRMLD Rate of partnership and resources multiplier from leadership LDR 
26 RSSMCFR Rate of student satisfaction level multiplier from customer 
focus 
CFSR 
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Table 9 List of table functions used in SD modelling (continued) 
Sl. no Variable label Variable name/description 
Dependent 
on 
27 SLMWF Students learning outcome multiplier from workforce 
outcome 
WFO 
28 SLOMAKM Students learning outcome multiplier from measurement, 
analysis and knowledge management 
MAKM 
29 SLOMCF Students learning outcome multiplier from customer focus CFS 
30 WFMEXP Workforce outcome multiplier from average experience AVOEXPR 
31 WFMFAT Workforce outcome multiplier from financial assistance for 
training 
FAT 
32 WFOMLD Workforce outcome multiplier from leadership outcome LDO 
33 WFOMPE Workforce outcome multiplier from process effectiveness 
outcome 
PEO 
34 WTD Willingness to donate from customer focused outcome CFO 
35 WTP Willingness to pay from student satisfaction level SSL 
Figure 3 Stock-flow diagram (SFD) for QE3 model (see online version for colours) 
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This SFD is shown in four parts, as follows: 
a main SFD: this is SFD in which enabler and result elements modelled. 
b sub SFD-1: this is supplementary SFD in which faculty recruitment, attrition and 
experience are modelled and provides input to main SFD in part (a) 
c sub SFD-2: this is supplementary SFD providing input to part (b) 
d graphical representation of SD output: various combination of graphical output of 
SD model presented 
e tabular representation of SD output: various combination of tabular output of SD 
model presented. 
4.3.2 Developing governing equations 
This step under model formulation is very important for the effectiveness of SD model. 
After converting CLD into SFD, it is now important to study all the nodal elements so as 
to define relationships among various variables connected at a node. These governing 
equations have been developed with a view to conduct simulation experiments and to 
study the system behaviour under the influence of LDR. All governing SD equations are 
written in terms of generalised time steps s, t and u where ‘t’ represents the ‘present’ 
point of time at which the equations are being evaluated. This means that the progress of 
the solution has just reached a stage at time ‘t’ but that the equations have not yet been 
solved for levels at time ‘t’, nor rates over the interval (u-t). The level equations show 
how to obtain levels at time ‘t’ based on Levels at a previous time’s’ and Rates over the 
time interval (t-s). 
At time ‘t’, when the level equations are evaluated, all necessary information is 
available and carried forward from the preceding time step. The rate equations are 
evaluated at the present time ‘t’ after the level equations have been evaluated. The values 
thus determined by the rate equations determine the rates that represent the actions that 
will be taken over the forthcoming time interval (u-t). The constant rates imply a constant 
rate of change in levels during a time interval. After these evaluations, time is indexed to 
next step. That is, the time ‘s’ will take time ‘t’, time ‘t’ will take time ‘u’ and time ‘u’ 
will take next time step. In STELLA software, time ‘t’ is taken as ‘t’ and time ‘s’ is taken 
as time (t-dt) and time ‘u’ as (t+dt). The set of equations formulated are presented 
hereunder. 
4.3.2.1 Modelling leadership 
The results obtained using AHP and ISM analysis as well as literature revealed that 
leadership is of paramount importance for the success of any organisation. Deming 
(1982, 1986) observed that the success of any organisation, developing leadership 
attributes and skills should be at the top of the management agenda. Unless senior 
leadership provide a clear vision and values that promote quality excellence in the 
institutions, all other enabling variables are unlikely to make any impact. As leadership 
variable is exogenous and predictive type of variable, it is therefore modelled as a 
primary driving variable and hence driven by assigning its values ranging from 0.1 to 0.9 
(0.1 stands for lowest commitment level and 0.9 stands for highest commitment). The 
LDR node is shown in Figure 4. 
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Figure 4 LDR node of QE3 model (see online version for colours) 
 
The governing equations developed for LDR and its connected variables are shown in 
Table 10. 
Table 10 Leadership (LDR) variable and its connections in SD modelling 
Variable Relation/initial value/graph 
LDR =  0.1 / 0.15 / 0.25 / 0.5 
ME =  LDR * WFMFAT 
LDO =  LDR * PRM * LDMPRS * LDMME * LDMPE * LDMSTP 
STP =  ISTP + (1-ISTP) * LDR * MAKM 
FATMLD =  Graph of FATMLD vs. LDR 
PLGMLDR =  Graph of PLGMLDR vs. LDR 
RPRS =  (1-PRS) * RPRMBFM * RPRMLD 
Similarly, the governing equations developed for other stock and rate variables used in 
QE3 model are presented in Table 11. 
Table 11 Governing equations for stock and rate variables developed for SD modelling 
Stock/rate variables Governing equation 
Strategic planning (STP) ISTP + (1-ISTP) * LDR * MAKM 
Measurement, analysis and 
knowledge management (MAKM) 
IMAKM + (1-IMAKM) * PRS * LDR 
Rate of process management (RPRM) (1-PRM) * WFS * MAKM * LDMSTP 
Rate of customer focus (RCFS) (1-CFS) * RCFMWF * RCFMIQ * RCFMPRS 
Rate of partnership and resources 
(PRS) 
(1-PRS) * RPRMBFM * RPRMLD 
Rate of workforce focus (RWFS) (1-WFS) * ME * STP * FATMLD * MAKM 
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Table 11 Governing equations for stock and rate variables developed for SD modelling 
(continued) 
Stock/rate variables Governing equation 
Rate of customer focus outcome 
(RCFO) 
(1-CFO) * (RCFMSLO + RSSMCFR) 
Leadership outcome (LDO) LDR * PRM * LDMPRS * LDMME * LDMPE * 
LDMSTP 
Process effectiveness outcome (PEO) PEMPRS * PEOMME * PEMPRM 
Workforce outcome (WFO) WFMEXP * WFOMPE * WFOMLD * WFMFAT 
Student learning outcome (SLO) DELAY(IQ,3) + SLOMCF * SLOMAKM * SLMWF 
Rate of business, financial and market 
outcome (RBFMO) 
(1-BFMO) * BFMAKM * BFMSTP * WTD * WTP 
Incoming quality (IQ) IQMWF * IQMPRS * IQMSSL * IQMPLG 
Rate of student satisfaction level 
(RSSL) 
(1-SSL) * RSSMCFR * SLOR * MAKM 
Placement of graduates (PLG) NPLG * PLGMCFO * PLGMLDR * PLGMSSL * 
PLGMBFM 
The model thus developed was subjected to careful study to ensure that the model 
captures the intention and the imagination of the persons concerned. The next phase is to 
carry out simulation. The details of how this important phase was carried are presented in 
the following section. 
5 Simulation 
The SFD developed above, is simulated using a SD software package called ‘STELLA 
(Ver 9.0)’. From both AHP analysis and ISM method, the LDR element has received 
significantly higher weight compared to other enabler elements and also it emerged as a 
critical driver. This is apparent because the respondents are of firm belief that if the 
leadership commitment is ensured, then everything else will be effective in the 
organisation paving the way for quality excellence. The details of input used, the process 
of simulation, the parameters of simulation and the output obtained are discussed 
hereunder. 
5.1 Test data and test results 
In order to study the behaviour of the SD model, a base simulation run was conducted. 
The base run represents the current situation of an institution in terms of the initial values 
of the variables. The base run is taken when the LDR is low (assumed at 0.1), where the 
management does not put efforts in the form of investment in either workforce 
development or infrastructure. Whatsoever development takes place will be because of 
the self-improvement that is expected to take place in the system because of the 
experience gained by the institution. The base model is simulated for 20 years to assess 
the growth in the institution in terms of all the result variables. For the base run, input 
parameters used are as follows: 
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1 leadership (LDR) = 0.1 
2 normalised placement of graduates (NPLG) = 0.2 
3 initial level of strategic planning (ISTP) = 0.2 
4 initial MAKM = 0.2 
5 initial workforce focus (WFS) = 0.3 
6 initial process management (PRM) = 0.2 
7 initial PRS = 0.3 
8 initial BFMO = 0.2 
9 initial customer focus (CFS) = 0.2 
10 initial SSL = 0.2 
11 initial customer focus outcome (CFO) = 0.1 
12 normalised depreciation of resources = 0.05 
Table 12 Base run output of enabler elements when LDR = 0.1 
YEAR LDR CFS MAKM STP PRS WFS PRM 
0 0.1 0.2 0.22 0.22 0.3 0.3 0.2 
1 0.1 0.2 0.22 0.22 0.3 0.3 0.23 
2 0.1 0.19 0.22 0.22 0.3 0.3 0.26 
3 0.1 0.19 0.22 0.22 0.29 0.3 0.28 
4 0.1 0.19 0.22 0.22 0.29 0.3 0.31 
5 0.1 0.18 0.22 0.22 0.29 0.3 0.33 
6 0.1 0.18 0.22 0.22 0.29 0.3 0.36 
7 0.1 0.17 0.22 0.22 0.29 0.3 0.38 
8 0.1 0.16 0.22 0.22 0.29 0.3 0.4 
9 0.1 0.15 0.22 0.22 0.29 0.31 0.42 
10 0.1 0.14 0.22 0.22 0.28 0.31 0.44 
11 0.1 0.13 0.22 0.22 0.28 0.31 0.46 
12 0.1 0.12 0.22 0.22 0.28 0.31 0.48 
13 0.1 0.11 0.22 0.22 0.28 0.31 0.5 
14 0.1 0.09 0.22 0.22 0.28 0.31 0.52 
15 0.1 0.08 0.22 0.22 0.28 0.31 0.54 
16 0.1 0.07 0.22 0.22 0.28 0.31 0.55 
17 0.1 0.05 0.22 0.22 0.28 0.31 0.57 
18 0.1 0.03 0.22 0.22 0.28 0.31 0.59 
19 0.1 0.02 0.22 0.22 0.28 0.31 0.6 
Final 0.1 0 0.22 0.22 0.28 0.31 0.62 
In order to facilitate base run, a simulation period of 20 years was considered. In this run, 
the values representing the level of the variable LDR is assumed to remain at level 0.1 
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right through. This is the base value. Using the equations presented in Tables 11, the 
values of STP, MAKM, PRS and WFS respectively are derived based upon LDR = 0.1. 
In Table 12, the values of enabler elements LDR, CFS, MAKM, STP, PRS, WFS and 
PRM used and also derived in the base run are shown. 
5.2 Test results 
Using the values of LDR, CFS, MAKM, STP, PRS, WFS and PRM as given in Table 12, 
the base simulation run was carried out for 20 years. The results obtained are presented in 
Table 13. The results indicate how the values of the elements CFO, SSL, IQ, LDO, PEO, 
WFO, PLG, SLO and BFMO under the component ‘Results’ vary over the 20 years of 
analysis. It can be seen that the values of some of these elements change year to year and 
others do not. For example, the values of IQ, placement of graduates (PLG) and students 
learning outcome (SLO) do not change at all, whereas the values of the elements 
customer focused outcome (CFO) and SSL show decreasing tendency. However the 
values of the elements leadership development outcome (LDO), PEO, WFO and BFMO 
exhibit increasing tendency. 
Table 13 Base run output of result elements when LDR = 0.1 
YEAR CFO SSL IQ LDO PEO WFO PLG SLO BFMO 
0 0.1 0.2 0.02 0.01 0.16 0.31 0.05 0.05 0.1 
1 0.1 0.2 0.02 0.01 0.17 0.32 0.05 0.05 0.1 
2 0.11 0.2 0.02 0.01 0.18 0.33 0.05 0.05 0.1 
3 0.11 0.2 0.02 0.02 0.19 0.34 0.06 0.05 0.1 
4 0.1 0.19 0.02 0.02 0.2 0.35 0.05 0.05 0.11 
5 0.08 0.19 0.02 0.02 0.22 0.38 0.05 0.05 0.11 
6 0.07 0.18 0.02 0.02 0.24 0.4 0.05 0.05 0.11 
7 0.04 0.17 0.02 0.02 0.26 0.41 0.05 0.05 0.11 
8 0.02 0.16 0.02 0.02 0.27 0.43 0.05 0.05 0.11 
9 0 0.15 0.02 0.02 0.3 0.45 0.05 0.05 0.11 
10 0 0.13 0.02 0.02 0.33 0.46 0.05 0.05 0.11 
11 0 0.11 0.02 0.03 0.36 0.48 0.05 0.05 0.11 
12 0 0.08 0.02 0.03 0.38 0.49 0.05 0.05 0.11 
13 0 0.05 0.02 0.03 0.41 0.5 0.05 0.05 0.11 
14 0 0.02 0.02 0.03 0.43 0.52 0.05 0.05 0.11 
15 0 0 0.02 0.03 0.45 0.53 0.05 0.05 0.11 
16 0 0 0.02 0.03 0.47 0.54 0.05 0.05 0.11 
17 0 0 0.02 0.04 0.48 0.55 0.05 0.05 0.11 
18 0 0 0.02 0.04 0.5 0.56 0.05 0.05 0.11 
19 0 0 0.02 0.04 0.52 0.56 0.05 0.05 0.11 
Final 0 0 0.02 0.04 0.52 0.57 0.05 0.05 0.11 
It should be observed that the elements CFO, LDO, PEO, WFO and BFMO represent 
organisation performance and sensitivity measures. Therefore an attempt was made to 
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capture the behaviour of their variations graphically, the outcome of which is shown in 
Figure 5. A preliminary analysis of these graphs revealed certain interesting facts about 
the model’s ability to capture the dynamics in the system which are as follows: 
1 to attain a level of 0.5 for WFO in the institution, it takes 12-13 years of time 
2 to attain the PEO of 0.5, it takes around 18 years 
3 the CFO started declining after 2 years while reaching the minimum level in seven to 
eight years 
4 the LDO remained at minimum all throughout. 
Figure 5 Behaviour of result variables (organisational performance measures) when LDR = 0.1 
(see online version for colours) 
 
The elements IQ, SSL, PLG and SLO are related to the students. The element IQ 
represents the input and rest of them in some way related to output. An attempt was made 
to capture the behaviour of their variations graphically, the outcome of which is shown in 
Figure 6. 
Figure 6 Behaviour of result variables (students’ performance measures) when LDR = 0.1  
(see online version for colours) 
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5.3 Preliminary analysis 
A preliminary analysis of these graphs revealed certain interesting facts about the 
model’s ability to capture the dynamics in the system as shown hereunder. 
1 the variables IQ and SSL started declining from their respective initial levels after 
four years 
2 there is no change in PLG from its initial level 
3 the SLO started declining after ten years. 
In order to capture the pattern of variation among SLO, SSL and IQ with respect to WFO, 
a radar chart was developed as shown in Figure 7, from which the following observations 
are made. 
Figure 7 Radar chart of SSL, IQ and SLO with WFO when LDR = 0.1 (see online version  
for colours) 
 
When leadership commitment is low (LDR = 0.1), the chart clearly shows that despite 
huge amount of effort put in by the workforce as depicted in terms of WFO, the 
behaviour of SSL, IQ and SLO are not satisfactory. It is therefore observed that 
leadership role is vital for quality excellence. 
6 Experiments and results 
The model was used to study the impact of leadership (LDR) on the nine elements of the 
component ‘results’. As explained earlier, a number of simulation runs were conducted 
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with the values of LDR varying from 0.1 to 0.9 in steps of 0.1 and keeping specific initial 
values for the elements strategic planning (ISTP), measurement, analysis and knowledge 
management (IMAKM), workforce focus (WFS), PRM, PRS and customer focus 
belonging to the component ‘enabler’. The results obtained were analysed and the 
inferences drawn help identify certain policy alternatives that may be attractive for the 
institution under study. The details of what was found are presented in the following 
paragraphs. The discussion is presented in two parts, the first one relates to the 
Organisational performance and sensitivity measures and other related to Students’ 
performance outcome. 
6.1 Organisational performance and sensitivity measures 
There are five elements under focus as listed below and one of them is discussed as an 
example. 
a behaviour of CFO 
b behaviour of LDO 
c behaviour of PEO 
d behaviour of workforce focused outcome (WFO) 
e behaviour of BFMO. 
The results of behaviour of CFO obtained are shown in Figure 8. There are five different 
graphs related to five different values of LDR viz. 0.1, 0.3, 0.5, 0.7 and 0.9. For each of 
these values of LDR, the CFO is plotted for all 20 years. The results obtained on analysis 
lead to several observations, the significant among them are as follows: 
Figure 8 Impact of LDR on CFO (see online version for colours) 
 
• It is observed that CFO started declining when LDR is 0.1, however, after 5 years it 
started improving marginally when LDR is 0.3. 
• When LDR is 0.7 CFO starts improving in 3-4 years and reaching a maximum of 1.0 
in 20 years. The same was the case when LDR is 0.9. 
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• When LDR is 0.5, CFO starts improving after six to seven years and reaching a 
maximum level of 0.8 in 20 years. 
• It is evident that LDR is influencing CFO to a great extent. It is expected that a 
minimum LDR of 0.5 is required in order to obtain better CFO. 
6.2 Students’ performance outcomes 
Here there are four elements under focus as listed below and one of them is discussed as 
an example. 
a behaviour of IQ 
b behaviour of SSL 
c behaviour of SLO 
d behaviour of PLG. 
The behaviour of SSL obtained are shown in Figure 9, from which it is observed that SSL 
begins to improve after seven years provided LDR level is more than 0.5 and matures to a 
maximum value of 1.0 at year 20 when LDR is 0.9; SSL is 0.7 when LDR is 0.7 and 0.4 
when LDR is 0.5. There is no improvement observed when LDR is 0.3 or less. Infact, if 
LDR is 0.1, there is a decline in SSL after 10 years. Hence, the role of LDR is vital in 
enabling the student satisfaction. It may not be direct, but may be influenced through its 
contribution to various other factors like WFO, PRS, CFO, SSL, and PLG. 
Figure 9 Impact of LDR on SSL (see online version for colours) 
 
6.3 Correlation analysis 
It can be observed that the SD model of the QE3 system developed, validated and 
simulated is found to be capable of capturing various scenarios and reveal the dynamics 
between the components enablers and results and also the interplay between the elements 
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of the results, both in terms of organisational performance measures and Students’ 
performance outcome. 
In order to get better insights, the results presented in Table 13 were further subjected 
to correlation analysis as explained below. 
In Table 13, it can be noticed that the values of the elements CFO, SSL, LDO, PEO 
and WFO exhibit variation in different manner. These elements were ranked based upon 
larger the better (LTB) criterion, implying that the largest values are assigned rank 1 and 
so on since the nature of all these elements is such that larger the value better is the 
impact on the quality. The ranks thus obtained are shown in Table 14. These ranks were 
subjected to pair-wise rank correlation analysis. Spearman’s rank correlation coefficient 
is used to identify and test the strength of a relationship between two sets of data. The 
output obtained is shown in Table 15. 
Table 14 Ranks of some result elements when LDR = 0.1 
YEAR CFO SSL SLO PEO WFO 
0 1 1 1 20 20 
1 1 1 1 19 19 
2 1 1 1 18 18 
3 2 1 1 17 17 
4 3 1 1 16 16 
5 4 2 1 15 15 
6 5 2 1 14 14 
7 6 3 1 13 13 
8 7 3 1 12 12 
9 7 4 1 11 11 
10 7 5 1 10 10 
11 7 6 2 9 9 
12 7 7 2 8 8 
13 7 8 2 7 7 
14 7 9 2 6 6 
15 7 10 3 5 5 
16 7 11 3 4 4 
17 7 12 3 3 3 
18 7 13 4 2 2 
19 7 13 4 1 1 
Final 7 13 5 1 1 
Table 15 Spearman’s rank correlation coefficient of result elements when LDR = 0.1 
 CFO SSL SLO PEO WFO 
CFO 1.0000 0.7330 0.5358 –0.8495 –0.8495 
SSL  1.0000 0.9319 –0.9763 –0.9763 
SLO   1.0000 –0.8786 –0.8786 
PEO    1.0000 1.0000 
WFO     1.0000 
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From the results presented in Table 15, the following observations are made: 
• The pair of variables CFO~SSL; CFO~SLO; SSL~SLO and PEO~WFO are 
positively correlated. The correlation between PEO and WFO is the strongest 
indicated by the values of coefficient 1.0, followed that between SSL and SLO 
indicated by the values 0.9319. The correlation between CFO and SSL is relatively 
weak as the corresponding value is 0.7330 and that between CFO and SLO is the 
weakest with 0.5358. 
• The pair of variables CFO~PEO; CFO~WFO; SSL~PEO; SSL~WFO, SLO~PEO 
and SLO~WFO are negatively correlated. It is surprising to see that the strength of 
negative correlation is stronger compared to the positive correlation as the values 
range from -0.8495 to -0.9763. This observation has serious implication because out 
of the possible ten pairs, only four pairs are positively correlated while six are 
negatively correlated. The negative correlations are more profound than the positive 
ones. 
It signifies that the performance of the five elements CFO, SSL, SLO, PEO and WFO are 
more prone to be dependent on each other and be unstable leading to negative rank 
correlation than positive correlation. 
7 Conclusions 
The QE3 system is modelled using SD to aid the strategic analysis. The various phases 
and steps involved in the present study while developing this model are demonstrated in 
this paper. The study reported was initiated with the motivation for developing an 
integrated framework for QE3. In order to identify the appropriate relative importance of 
various elements grouped under the two components ‘enablers’ and ‘results’, the method 
of AHP was used. The ISM approach used helped develop an appropriate structural 
framework for the QE3 bringing to the fore the hierarchical and lateral relationships 
among various elements. The leadership commitment is the sole driving element of QE3, 
though factors like strategic planning (STP) also aid in enhancing quality. It was found in 
the present study that the element ‘LDR’ under the component ‘Enablers’ possesses 
significant driving power. This motivated us to develop a SD-based model for the QE3 
framework which captures this driving power of LDR. This SD model was used to 
generate various scenarios likely to be initiated by the influence of different degrees of 
focus exerted by LDR. The results were interesting. The results with various strategies 
(different value of LDR) show the level of achievement in respect of the quality elements 
like IQ, SSL, SLO etc. The radar chart developed enables the analyst to perceive clearly 
the limitations of each strategy. This analysis can also be used to perceive the minimum 
value of driving factor to achieve the objectives/goals and thus simulation model is useful 
as decision support tool. Various combinations of policy/strategy variables can be 
experimented before arriving at a rational decision. 
The research reported in this paper provided impetus to use the power of SD model. It 
is now possible to consider various scenarios likely to be generated by different 
combinations of various enablers and capture the impact of them. These combinations of 
various elements of enablers would tantamount to different policies in the organisation. 
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There may be some limitations in capturing all the dependent and independent 
variables of the model. The limitation in the SD model developed may be even due to 
difficulty in the quantification of the subjective factors such as ME, IQ etc., although 
their implications have been taken into account while determining the rate of change of 
these variables. 
SD models are aggregated models, they only use the summarised information from 
the literature, interviews and the surveys carried out. Therefore there could be some 
problems due to lack of details. The scope of the study was mainly for engineering 
institutions offering undergraduate programmes of studies and affiliated to Universities 
which govern the working of the institutions in terms of curriculum design, examinations, 
results etc. 
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